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L X X X - E x p e r i m e n t s  on the Synthesis o f  the Terpenes. 
P a r t  X VIII. Synthesis of ~P-o-Menthenol( 8), 
A6-o-Menthenol(8), and the Corresponding Mentha- 
d '  zenes. 
By WILLIAM HENRY PERKIN, jun. 
IN Par t  XIV of this research (Trans., 1910, 97, 2129) it was shown 
that the problem of the synthesis of those menthenols belonging 
to  the meta-series which contain the hydroxyl group in the position 
(8) has been solved, since the six posible isomerides have now all 
been synthesised and investigated in detail. On the other hand, 
the only corresponding member of the ortho-series which has so far 
been synthesised is A1-o-menthenol(8) : 
CMe 
/\ 
\ /  
7H2 y*CMe,-OH 
CH, CH, 
C q  
which Kay and Perkin prepared in 1905 (Trans., 87, 1068). 
The starting point in this synthesis was 0-toluic acid, which was 
reduced by sodium and isoamyl alcohol to l-methylcyclohexane- 
2-carboxylic acid, and then converted into 1-methyl-A*-cyclohexene- 
2-carboxylic acid by bromination and subsequent elimination of 
hydrogen bromide : 
The ester of the unsaturated acid yieIded, on treatment 
with magnesium methyl iodide, Al-o-menthenol( S), from which 
Li1:8(%-menthadiene was obtained by dehydration with potassium 
hydrogen sulphate : 
The experiments described in this and the next communication 
were undertaken with the object of synthesising the remaining 
menthenoh of the ortho-series, and methods are described with the 
aid of which it has been found pwsible t o  prepare the following 
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7 28 PERKIN: EXPERIMENTS ON THE 
new menthenols in quantity sufficient, for careful preliminary 
investigation : 
C HMe 
/\ 
H, ~ H * C M ~ , - O H  
\/ 
CH, CH 
C'H 
CHMe 
A3-. 
/\ 
v 
RH FH-CMe,*OH 
CH CH, 
ox, 
As-. 
CHMe 
/'\ 
\/ 
YHz $l.H*CMe,=OH 
CH CH, 
CH 
CMe 
A4-. 
/\ 
\/ 
$!H yH*CMe,*OH 
CH, CH, 
CH, 
A6-. 
The only remaining member of this series is, therefore: 
CHMe 
/\ 
YH2 s*CMe,*OH 
CH, CH , 
and the synthesis of this isomeride has, so far, not been possible 
because a method ha.s not yet been discovered for the preparation 
of l-methyl-A~-cycZohexene2-carboxylic acid : 
the ester of which should yield this menthenol on treatment with 
magnesium methyl iodide. The present communication deals with 
the synthesis of As- and A6-o-menthenol(8) and the correspom ding 
A5 and A6:*(Q)-o-menthadienes. 
Some time since (Baudisch and Perkin, Trans., 1909, 95, 1884) 
it was shown that  6-hydroxy-o-toluic acid is reduced by sodium and 
alcohol with the formation of the cis- and tmns-modifications of 
1 -m eth ylcy clo hexan-6-01-2-carboxylic acid * : 
-+ C E M ~ < ~ ~ ( ~ ~ J - ~ ~ ~ > C H ~ .  CH(C0 H)*CH 
U(OH) = C H  2 
For the  present research large quantities of these mixed acids 
were pmpamd and converted into the mixed 6-bromcll-methyl- 
cyclohexm-2-carboxylic acids by the action of fuming hydrobromic 
acid. 
When tho esters of these bromo-acids are digested with diethyl- 
* Previously named 1 -methylcydobexan-2-ol-6-carboxylic acid. 
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aniline, hydrogen bromide is readily eliminated, and an unsaturated 
ester results, which investigation has shown to be a mixture of 
e t hy  1 1-m e t h yl-A6- and 1-met hyl- Akycloh exenecar b oxyla t es : 
AS-. 
The mixed AS- and A0-a.cids, obtained by the hydrolysis of these 
esters, are liquid, and do not appear t o  yield characteristic salts; 
their separation by the fractional crystallisation of their salts was 
therefore found to be impossible. The only course left seemed 
to be the process of fractional esterification and hydrolysis which 
had already been adopted with success by Haworth and Perkin 
(Trans., 1908, 93, 577) in the case of the isomeric 1-methyl-A4- and 
1-methyl-A5-cyclopentenecarboxylic acids : 
A'-. AS-, 
*Of these isomeric acids, the A4-modification esterifies more rapidly 
a t  the ordinary temperature than the A5-, and again the ester of 
the A4-modification is hydrolysed by methyl-alcoholic potassium 
hydroxide in the cold with greater ease than the ester of the 
rla-acid. These results seem to indicate that the grouping, 
>C:CMe-, contained in the As-acid, h a  a retarding effect on the 
esterification of that  acid and on the hydrolysis of its ester. 
A comparison of the formuh of 1-methyl& and l-methyl- 
A6-cy clohexene-2-carboxylic acids : 
2>CH, 
C H (C0,H) C H CH1Me<~HK(C'2H)'CH2>C~2 CH and CMeGCI= CH 
A5-. A6-. 
with those of the pentene acids pictured above, shows that there is 
great similarity in constitution, and that  the essential groupings 
are the same and in the same positions in both series. I n  conformity 
with this view, experiment proved that  l-methyl-A6-cyclohexene- 
2-carboxylic acid, which contains the grouping )C:CMe-, does 
actually esterify less readily than l-methyl-A~-cycZohexen~2-carb- 
oxylic acid, and that  its ester is less readily hydrolysed than the 
ester of the As-acid. By repeating the process of fractional esterifi- 
cation and hydrolysis a great number of times, what is believed to 
be an almost complete separation of these acids was ultimately 
accomplished. 
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730 PERKIN: EXPERIMENTS ON THE 
The constitution of l-methyl-A5-cycZohexene-2-carboxylic acid 
was controlled by oxidation, first with ozone, and then with per- 
manganate, when an acid wits obtained which melted at 177--178O, 
and w a  found to  be identical wit.h the pentane-By E-tricarboxylic 
acid which Haworth and Perkin (Trans., 1908, 93, 551) had p r e  
viously prepared synthetically : 
On the other hand, ethyl l-met~hyl-h6-cycZohexen8-2-carboxylate 
is converted, by oxidation with ozone, into an aldehydo-ester, which, 
on further oxidation with chromic acid and subsequent esterifi- 
cation, yields a ketonic =tor the alcoholic solution of which gives 
a violet coloration on the addition of ferric chloride. There can 
be no doubt that  these changes are to be represented thus: 
--+ CO Me* C H( CO,Et)*C H,*CH, C H,*CO,E t. 
Again, l-methyl-A6-c~cZohexene-2-carboxylic acid is converted, by 
boiling with concentrated potassium hydroxide solution, into 
1 -methyl-A~-cycZohexene-2-carboxylic acid (m. p. 8 7-88O) : 
a change which is well known to be characteristic of acids in which 
the double linking occupies the By-position. The conversion, in 
this case, appears to be only partial, and it is probable that an 
equilibrium mixture of the two isomerides is produced. 
1-Methyl-A6-cycZohexene2-carboxylic acid is further characterised 
by the fact that  it combines readily with bromine to form 
1 : 6-dibromo-1-met hylcyclohexane-2-carboxylic acid, 
which crystallises well, and melts a t  160-162O. 
The next step was to convert the esters of l-methyl-Aa and 
l-methyl-A6-cycZohexene-~2-carboxylic acids into the corresponding 
menthenols by means of magnesium methyl iodide, and then into 
the menthadienes, which are readily produced from the menthenols, 
either by shaJcing with 5 per cent. sulphuric acid in the cold, or by 
boiling with 6 per cent. oxalic acid. 
The properties of these new o-menthenols and o-menthadienes 
may be conveniently tabulated and compared with those of 
a-terpineol and limonene. 
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SYNTHESIS OF THE TERPENEY. PART XVIII. 731 
TABLE I. 
I. A6-o-Menthenol( S), 
CH(C Me,*OH)*CH 
CHMe<CH (&>C"2. 
CMe<(lH--CH2>CHP' 
11. A6-o-Menthenol($), 
CH(CMe,*OH)*CH 
111. Af-pMenthenol(8), or a-terpineol, 
I. 11. 111. 
Boiliiig point ..... 110-112"/30 mm. 107--108"/30 mm. 218" 
dm .................. 0.9404 0.9412 0.938 
nn .................. 1'4792 1.4811 1.4820 
M ..................... 46.6 46-8 46-8 
(198-!200"/734 mm.) 
(Cal. 47'16) 
With the exception of the boiling points, which are approxi- 
mately 15-20° lower, it will be seen that the properties of these 
o-menthenols are very similar to  those of a-krpineol. 
TABLE 11. 
I. A5:*(9)-o-Menthadiene, 
11. A6:8(Q)-o-Menthadiene, 
CMe<CH(C CH---CH, Me:CH,)*CH 2>CH2. 
111. A1 :8(9+Menthadiene or limonene, 
I. 11. 111. 
Boiling point ...... 170-171" 170-1 71" 176" 
d, .................... 0.8490 0.8481 0.846 
i t D  ..................... 1.4778 1.4758 1.4746 
M ..................... 45-24 45-2 45'23 
Calculated for C,oH181=2 45-24. 
In t.his comparison, again, the most striking fac t  is the low 
boiling points of the o-rnenthadienes. 
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EXPERIMENTAL. 
Preparation and Separation of 1-Met hyE-h5-cyclohexene-2-car boxylic 
A cid and 1-Me thyl-A6-cycloh exen e-2-carb oxy lie A cid, 
I n  the preparation of these acids, the mixture of the cis- and 
trans-modifications of l-methylcycZohexan-6-ol-2-carboxylic acid,* 
obtained by the reduction of 6-hydroxy-o-toluic acid, as described 
in the previous communication (Trans., 1909, 95, lSS5), in 
quantities of 50 grams, was mixed with twice its volume of fuming 
hydrobromic acid (saturated a t  Oo), and, after remaining over- 
night, heated on the water-bath for two hours. The cold product 
was diluted with water, extracted with ether, the ethereal solution 
dried, evaporated, and the residual crude 6-bromel-methylcydo- 
hexane-2-carboxylic acid esterified by digesting with a, large excess 
of 15 per cent. alcoholic sulphuric acid for five hours on the water- 
bath. After adding water and extracting with ether, the ethereal 
solution was well washed with sodium carbonate (which removed 
much dark-coloured impurity), carefully dried, evaporated, and the 
residue boiled with four times ih volume of diethylaniline for six 
hours; it was then allowed to cool, mixed with excess of dilute 
hydrochloric acid, and the unsaturated esters extracted with ether 
and distilled in a current of steam. 
The residue in the steam distillation flask was extracted with 
ether, and again treated with hydrobromic acid and diethylaniline 
exactly as before, when a further considerable yield of unsaturated 
esters was obtained. The combined esters, on fractionating under 
diminished pressure, distilled for the most part  at 135--145O/ 
100 mm., and consisted essentially of unsaturated esters of the 
formula C10H1602, as the analysis showed. (Found, C = 70-9 ; 
H = 9 * 5 .  C,GH,602 requires C=71*4; H = 9 * 5  per cent.) In 
hydrolysing this ester, care was taken at this and all subsequent 
stages not to heat with potassium hydroxide, so as to  avoid, as 
far as possible, any tendency to  molecular change due to  the 
wandering of the double linking in the direction of the carboxyl 
group. Some of the ester was completely hydrolysed by leaving 
it with a, large excess of methyl-aIcohoIic potassium hydroxide at 
the ordinary temperature for several days; the product waa nearly 
neutralised, saturated with carbon dioxide, and evaporated until 
free from methyl alcohol. After acidifying, the mixed acids were 
extracted with ether, the ethereal solution dried, evaporated, and 
* Previously named 1-methylcycZohexan-2-ol-6-carboxylic acid (Em. cit. ). 
Pu
bl
ish
ed
 o
n 
01
 Ja
nu
ar
y 
19
11
. D
ow
nl
oa
de
d 
by
 U
ni
ve
rs
ity
 o
f W
es
te
rn
 O
nt
ar
io
 o
n 
25
/1
0/
20
14
 0
4:
26
:1
8.
 
View Article Online
SYNTEESIS OF THE TERPENES. PART XVIII. 733 
the residue distilled, when almost the whole passed over at 
182-1S3°/100 mm., and, on analysis, gave numbers agreeing with 
the formula C,H,,O,. 
This mixture of 1-methyl-AS- and -86-cycZohexene-2-carboxy1ic 
acids was next converted into the calcium, barium, and other salts 
in order to see whether any of these crystallised well and were 
suitable for the sepaxation of the isomerides, but  no suitable salt 
could be found. The acids were also fractionally distilled in a 
current of steam, and the fractions kept a t  Oo in order, if possible, 
t o  freeze out one of the constituents, but these experiments were 
also without useful result. 
Subeequently it was discovered that one of the isomerides 
esterifid more rapidly than the other, and a process of fractional 
esterification Eased on this observation resulted ultimately in the 
separation of the isomerides. The detailed description of this 
process would take up too much space and is unnecessary, since 
the method will be readily followed from the description of one 
or two of the stages. The total quantity of crude unsaturated 
ester available was 490 grams, and this was worked up in two 
exactly parallel experiments. The ester (245 grams) was mixed 
with a cold solution of potassium hydroxide (120 grams) in methyl 
alcohol (400 grams) and water (20 c.c.), and, after remaining for 
three days a t  the ordinary temperature, water was added, and 
the unhydrolysed ester (L4, 50 grams) extracted with ether. The 
aqueous solution was acidified, extracted with ether, the ethereal 
solution washed, dried, evaporated, and the residual acid mixed 
with alcohol (600 c.c.) and sulphuric acid (50 c.c.) in the cold, 
and left for twenty-four hours at the ordinary temperature. The 
product was diluted with water, extracted with ether, the ethereal 
solution thoroughly washed with sodium carbonate, and the un- 
changed acid regenerated from the sodium carbonate solution ; the 
quantities obtained as the result of this treatment were 110 grams 
of ester ( B )  and 100 grams of acid (C) .  The acid (C) ,  which had 
escaped esterification, was esterified by boiling with alcohol (400 
c.c.) and sulphuric acid (25 c.c.) on the water-bath, and the ester, 
after extracting in the usual manner, again fractionally hydrolysed 
with cold methyl-alcoholic potassium hydroxide. After repeating 
this process a very large number of times, and systematically 
working up the intermediate fractions, an operation which occupied 
several months, the following products were ultimately isolated : 
I. An ester (73 grams), which is hydrolysed with comparative 
difficulty, and the acid corresponding with which does not esterify 
readily at the ordinary temperature. This is the ester of l-methyl- 
A0-cyclohexene-2-car~oxylic acid. 
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734 PERKIN: EXPERIMENTS ON THE 
11. An ester (52 grams), which is more readily hydrolysed, and 
the acid of which is more readily esterified. This is the eiter of 
1-m e thy Z-A5-cyclohe x ene-2-curb ox  ylic acid. 
When these esters had been separated, it was thought interesting 
to make roughly comparative experiments with the view to  obtain- 
ing some idea of their relative rates of hydrolysis. I n  each experi- 
ment, the ester (1 gram) was dissolved in methyl alcohol (1 c.c.) 
and mixed with 5 C.C. of methyl-alcoholic potassium hydroxide 
(containing 0.1134 gram of KOH in each c.c.), and, after remaining 
for forty-eight hours at the ordinary temperature, water was added, 
and the excess of alkali determined by titration with N/10-hydro- 
chloric acid. Three pairs of experiments were made with three 
different preparations under exactly the same conditions, and the 
amount of the esters which had been bydrolysed were found to be 
the following : 
In  the case of et.hyl l-methyl-A~-cycZohexene-2-carboxylate (I), 
( a ) = 4 2 ;  (b)=39; and (c)=43 per cent. 
In the case of ethyl 1-methyl-As-cyclohexene-2-carboxylate (11), 
(0) = 64 ; ( b )  = 66 ; and ( c )  = 7 0  per cent. 
(1.1 (11.) 
These experiments are, of course, very rough, but  they are 
sufficiently accurate to show that  the relative rates of hydrolysis of 
the esters vary sufficiently to allow of an almost complete separation 
by the process of fractional esterificat,ion adopted. A t  the same 
time, it is clear from the nature of the separation that, whilst the 
ester of the ha-acid was probably entirely free from that of the 
A5-acid, the ester of the As-acid probably still contained traces of 
that  of the A6-acid. 
1 -Ale thyE-A~-cycloh exene-2-car b oxylic A cid, 
___1 
This acid was obtained from the ester (11, see above) by hydrolysis 
with methyl-alcoholic potassium hydroxide in the  cold. The 
product was diluted with water, a trace of unhydrolysed ester 
removed by ether, the aqueous solution was then saturated with 
carbon dioxide, and evaporated until free from methyl alcohol. 
After acidifying with dilute hydrochloric acid, the acid ww 
extracted with pure ether, the extract dried thoroughly, and 
distilled : 
0.1919 gave 0-481.5 CO, and 0.1505 H,O. C = 6 8 * 4 ;  H = 8 * 7 .  
C,H,,O, requires C = 6 8 * 6 ;  H = 8 . 6  per cent. 
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l-~ethyZ-A5-cyclohexene-2-carboxy~~c acid is a viscid oil, which 
distils a t  139O/20 mm., and did not crystallise; its solution in 
sodium carbon ate instantly decolorises per manganate . 
Ethyl l-methyZ-h~-cyclohexene-2-carboxylate.-This ester was pre- 
pared by leaving the pure acid (40 grams) in contact with alcohol 
(200 c.c.) and sulphuric acid (15 c.c.) for three days a t  the ordinary 
temperature. The product was diluted with water, extracted with 
ether, the ethereal solution carefully washed with sodium carbonate, 
dried, evaporated, and the ester distilled : 
0.1116 gave 0.2914 CO, and 0.0973 H,O. 
This ester distils at 138--139°/100 mm., and has a most pene- 
Oxidation of l-,WethyZ-A5-cycloA cxene-3-carboxylic d cid to 
C=71.2; H=9*7. 
C1,H,,O, requires C-71.4; H=9*5 per cent. 
trating an-d unpleasant odour. 
Pentan e-& 6- tricar b o xi^ Zic A cid, 
CO,H-CHMe*CH( CO,H)*CH,=CH,*CO,H, 
by means of Ozone and Permangunate.--In carrying out this 
oxidation, the acid (5 grams) was dissolved in a slight excess of 
dilute sodium carbonate, made up to 50 C.C. with water, and a 
current of ozonised oxygen passed for about two days and until it, 
escaped freely. The solution was mixed with much powdered ice, 
and then permanganate (1 per cent.) added until the colour 
remained permanent, the whole being vigorously stifled by a 
turbine during the operation. 
The product was heated on the water-bath, filtered, the filtrate 
and washings of the manganem precipitate rendered acid to  Congo 
paper with dilute hydrochloric acid, evaporated to  dryness, and 
the residue mixed with sand and extracted with ether in a Soxhlet 
apparatus. 
After the ether had been removed, the brown, syrupy extract 
was esterified by boiling with alcohol (50 c.c.) and sulphuric acid 
(5 c.c.) in a reflux apparatus for two days, water was then added, 
and the ester extracted with &her. The ethereal solution was 
thoroughly washed- with dilute sodium carbonate, dried, evaporated, 
and the ester distilled, when, with the exception of a small quantity 
of oil boiling at about 120°/20 mm., nearly the whole distilled at 
183--185O/20 mni., and consisted of ethyl pentane-Byetricarb- 
oxylate. Calc., C = 58'3; H = 8.3 per 
cent.) 
This ester was boiled with dilute hydrochloric acid (1 vol. conc. 
acid and 2 vols. of water) for six hours, and the solution evaporated 
to a small bulk, and placed over solid potassium hydroxide in a 
vmuum desiccator, when it gradually crystallised. The semi-solid 
(Found, C = 58.2 ; H = 8.5. 
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736 P E R K I N :  EXPERIMENTS ON TEE 
mass was drained on porous porcelain, and the residue crystallised 
from hydrochloric acid, from which it separated as a crust, which 
melted a t  177--178O, and consisted of pure pentane-bye-tri- 
carboxylic acid. (Found, C = 46.8 ; H = 6.1. Calc., C = 47.1 ; 
H = 5'9 per cent.) 
On titration with N/10-NaOH, 0.2918 required 42.4 C.C. for 
neutralisat.ion, whereas this amount of a tribasic acid, C8H1,06, 
neutralises 42.8 C.C. The identity of the acid was further proved 
by mixing it with a, specimen of pentane-By e-tricarboxylic acid 
which had previously been prepared synthetically. (Trans., 1908, 
93, 580), when the mixture melted at the same temperature as the 
constituents. 
CH(CMe2'o H)* H2>(7, H2, and 
CH AkMent  henoZ( 8), CH Me<CH 
A5:8(9)-o-Menthadie.ne, CH Me<CH CH(CMe:CH,)*CH (-$>CH,. 
The former of these substances was readily obtained when ethyl 
1-methyl-A5-cycZohexene-2-carboxylate (26 grams) wils added to an 
ethereal solution of magnesium methyl iodide (containing 11 grams 
of magnesium). After two days, the product was decomposed by 
water and dilute hydrochloric acid, the ethoreal solution evaporated, 
and the residue mixed with methyl-alcoholic potassium hydroxide 
( E O H = 5  grams), and left for three days at the ordinary tem- 
perature. Water was then added, the oil extracted with ether, 
the ethereal solution thoroughly washed, dried over anhydrous 
sodium sulphate, and evaporated. 
The residual oil distilled at 110-112°/30 mm., or at about 
140°/100 mm. : 
0.1400 gave 0.3984 GO, and 0.1449 H,O. 
CloH18O requires C=77*9;  H=11*7  per cent. 
A5-o-MenthenoZ(8) is a, rather viscid, colourless syrup, with a 
pronounced odour of terpineol, and distils apparently with very 
little decomposition at 198-200°/734 mm. Its solution in acetic 
anhydride gives, on the addition of a drop of sulphuric acid, a pale 
pink coloration. The determination of its density and refractive 
index gave the following values : d 20/20° = 0.9404 ; = 1.4792 ; 
M = 46.6 (calc., 4'7.16). 
The ph,enylurethane.-This derivative WEN prepared by sealing 
up the menthenol with an equal volume of phenylcarbimide. After 
several days, the crystalline mass wag mixed with a little light 
petroleum, drained on porous porcelain, and recrystallised from 
dilute methyl alcohol, in which it is readily soluble, and from 
which it separates in slender needles, melting at 118-119O: 
C=77.6; H=11-5 .  Pu
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0.1997 gave 9.7 C.C. N, at 1 8 O  and 752 mm. 
An attempt to prepare a crystalline nitroso-chloride was 
unsuccessful. 
A5 : 8(9)-oMenthudie.itc.-This terpene was first obtained in an 
attempt to prepare the corresponding terpin from A6-o-menthenol(8) 
by the action of cold dilute sulphuric acid. The menthenol (5 c.c.) 
was shaken for six days with 5 per cent. sulphuric acid (250 c.c.), 
a second 250 C.C. of the acid was then added, and the shaking 
continued for a further six days. During this operation it was 
noticed that the viscid oil, which a t  first largely dissolved, became 
more mobile and insoluble. The product was neutralised with 
sodium carbonate, distilled in a current of steam, the distillate 
extracted with ether, the ethereal solution dried, evaporated, and 
the residue distilled, when almost the whole quantity passed over 
at 170-175O, and, after twice fractionating over sodium, the 
A5 :8(9)-omenthadiiene distilled at  170-171O : 
0.1491 gave 0.4789 CO, and 0.1065 H,O. 
C&16 requires C = 88.2 ; H = 11.8 per cent. 
The residue in the steam distillation flask yielded, on extraction, 
only a trace of a syrup, showing that practically no terpin is 
produced under the above conditions. 
Subsequently a larger quam tity of A5 :S(g)-o-menthadiene was pre- 
pared by boiling h5-o-menthenol(8) with 6 per cent. aqueous oxalic 
acid in a reflux apparatus for five hours. The product was distilled 
in a current of steam, and the terpene repeatedly fractionated over 
sodium, when it boiled constantly at 170-171°/765 mm. 
The physical properties were determined, with the following 
results: d 17/17°=0*8490; ?aD= 1.4778; M=45*24 (calc., 45.24). 
When the terpene (1 gram), dissolved in chloroform (5 c.c.), was 
cooled t o  - loo and titrated with a 10 per cent. solution of bromine 
in chloroform, it absorbed 2.2 grams of bromine, whereas the 
amount required for the formation of the additive compound, 
CI0Hl6Br4, is 2-36 grams. After removing the chloroform by a 
current of dry air, a colourless syrup remained, which did not 
crystallise, and socn became da.rk coloured. 
N=5*5. 
C17H,B0,N requires N = 5.1 per cent. 
C=87*7; H=12.0. 
l-Met?t@A6-c yclohe~ene-2-curb oxyl ic  -4 cid, 
Careful examination of the ester of this acid (I, p. 733) showed 
that, although i t  was free from the ester of the 15-acid, it contained 
about 2 per cent. of the ester of an acid, which is esterified with 
VOL. XCIX. 3 c  
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still greater difficulty than l-methyl-66-cyclohexene2-carboxylic a id, 
and which, on investigation, proved to be 0-toluic acid (compare 
I n  order t o  remove this slight impurity, the ester was mixed 
with a large excess of methyl-alcoholic potassium hydroxide, and 
left until completely hydrolysed. The acid was then isolated, 
mixed with excess of methyl-alcoholic sulphuric acid, and, after 
about a week, the ester was extracted, washed with sodium 
carbonate (which dissolves crude o-toluic acid), and again subjected 
three times to the same process, after which no further separation 
of solid o-toluic acid could be observed. A portion of the purified 
ester was hydrolysed, and the l-methyl-A6-cycZohexene-2-carboxylic 
acid fractionated, when the whole quantity passed over at  
140-142°/20 mm. as a colourles8 syrup which did not crystallise: 
0.1928 gave 0.4836 CO, and 0.1516 HiO. 
C8H,,02 requires C=68*6; H = 8 * 6  per cent. 
1 : 6-Bibromo-l-met?~~ylcyclo?~exane - 2 - carboxylic A cid.-This di- 
bromcj-acid was prepared by adding dry bromine to the solution of 
l-methyl-A6-cycZohexene-2-carboxylic acid in chloroform at - loo, 
when it ww found that  1.1 grams of the acid absorbed 1.2 grams 
of bromine (calc., 1-25> readily and without evolution of hydrogen 
bromide. The chloroform was removed by aspirating a current 
of dry air through the solution, and the gum left for several 
days over sulphuric acid and paraffin wax in a desiccator, when it 
gradually crystdlised. The almost solid mass was rubbed with a 
few drops of formic acid, left in contact with porous porcelain 
until quite dry, and then crystallised from warm formic acid, in 
which it is readily soluble: 
p. 745). 
C = 68.4 ; H = 5.7. 
0.1632 gave 0.2035 AgBr. Br=53*0. 
C8H,,02Br requires Br = 53-3 per cent. 
This dibromo-acid softens at 155O, and melts at 160-162O; i t  is 
readily soluble in dilute sodium carbonate, and, when the solution 
is boiled, i t  clouds, and an oil separates which has the odour of a 
bromehydrocarbon. 
Oxidatwon. of Ethyl 1-Met hyl-A6-cyclo~~exene-2-carboxyZat e Upit h 
Ozone.-In this experiment the ester (10 grams) was dissolved in 
chloroform (40 c.c.), the solution placed in a narrow cylinder, 
covered with water (20 c.c.), and then a stream of ozonised oxygen 
passed for several days and until it escaped freely, the chloroform 
and water being renewed as they evaporated. The solution was 
separated from the water, washed, dried, and the chloroform 
evaporated a t  a low temperature, when a colourless, viscid syrup 
remained, which had an odour like heptaldehyde and doubtless con- 
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sisted of the aldehydeester, COMe.CH(CO,Et)*CH,*CH,*CH,-CHO. 
After remaining over sulphuric acid in a vacuum desiccator for 
two days, the following analysis was made: 
0-1411 gave 0.3074 CO, and 0-1053 H,O. 
C1,H1604 requires C = 60.0 ; H = 8.0 per cent. 
The syrup (10 grams) was dissolved in glacial acetic acid, water 
was added until the turbidity just redissolved, and the solution 
was then gradually mixed with chromic acid (4 grams) in a little 
water, the temperature being kept below 40°. When all the chromic 
acid had been added, the liquid was heated for half an hour on 
the steam-bath, and then mixed with 100 C.C. of 10 per cent. 
alcoholic sulphuric acid and gently boiled in an open flask for 
six hours, small quantities of alcohol being added from time to time. 
The product was diluted with water, extracted with ether, the 
ethereal solution washed with water and sodium carbonate, evapor- 
ated, and the residue distilled under diminished pressure. 
After a small quantity had passed over at 120-140°/30 mm., 
the residue distilled at 180-18Z0/25 mm. aa a pale yellow oil : 
0.1231 gave 0.2652 CO, and 0.0909 H,O. C=58-5; H=8*2. 
C12H200, requires C=59*0; H=8*2 per cent. 
Since this ester gave a violet coloration when ferric chloride 
was added to its alcoholic solution and a green copper salt when it 
was shaken with ammoniacal copper sulphate, there can be little 
doubt that  it is ethyl a-acetyladipate, 
COMe*CH(CO,Et)*CW,*CH,*CH,*CO,Et. 
This ester had already been obtained in small quantity by Fichter 
and Gully (Ber., 1897, 30, 2047) from ethyl y-chlorobutyrate and 
the potassium derivat,ive of ethyl acetoacetate. They state that 
it yields 6-acetylvaleric acid, COMe*[CHJ,-CO,H, on hydrolysis 
with acids, but  the boiling point which they give for their ester, 
160°/12 mm., is considerably lower than that found for the ester 
described above. The available ester (4 grams) was digested with 
1 per cent. hydrochloric acid for four hours, and the solution 
saturated with ammonium sulphate and extracted with ether, when 
a syrup was obtained which was insufficient for distillation, but, 
since it gave a, copious precipitate of bromoform with bromine and 
sodium hydroxide, it very probably consisted of 6-acetylvaleric 
acid. 
Conversion of 1 -Met hyl-A6-cyclohezene-2-car b oxylic A cid in to 
l-Methyl-A1-cyclohexene-2-car6oxg1k -4 cid b y  the A ction of Potass- 
iunt Hydrox.ide.-This intramolecular change was brought about 
by boiling the first-mentioned acid with 15 per cent. potassium 
hydroxide for six hours, The resulting mixture of acids was left 
C =59.4; H = 8.3. 
3 c 2  
Pu
bl
ish
ed
 o
n 
01
 Ja
nu
ar
y 
19
11
. D
ow
nl
oa
de
d 
by
 U
ni
ve
rs
ity
 o
f W
es
te
rn
 O
nt
ar
io
 o
n 
25
/1
0/
20
14
 0
4:
26
:1
8.
 
View Article Online
740 PERKIN: EXPERIMENTS ON THE 
in contact with 5 per cent. alcoholic sulphuric acid for twenty-four 
hours, extracted with ether, and the unesterified acid removed by 
sodium carbonate. 
On acidifying the sodium carbonate solution, the acid showed 
no signs of crystallising, but, after the partial esterificakion had 
been repeated, an acid was obtained which, after distillation in a 
current of steam, became semi-solid. I n  contact with porous 
porcelain the oily impurity was soon absorbed, and the residue 
crystalli,sed from a little formic acid in starry aggregates: 
0.1073 gave 0.2709 CO, and 0.0851 H20. 
C,H,,O, requires C = 68.6 j H = 8.8 per cent. 
This acid melted at 87-883, and was identified as 1-methyl-AI- 
cgclohexene-2-carboxylic acid by the fact that  the admixture with a 
specimen of this acid which had been prepared by Kay and Perkin 
(Trans., 1905, 87, 1074) melted at  86-88O. 
C=68*8; H=8.8. 
A6-o-UentkenoZ(8) and 46:8(9)-o-~enthadiene. 
I n  preparing A6-o-menthenol(8), ethyl 1-methyl-A%ycZohexene 
2-carboxylate (30 grams) was added to an ethereal solution of 
magnesium methyl iodide containing 14 grams of magnesium, and, 
after remaining for twenty-four hours, the product was decomposed 
by water and dilute hydrochloric acid in the usual way. The 
ethereal solution was evaporated, and any possible trace of un- 
changed ester removed by leaving the oil with methyl-alcoholic 
potassium hydroxide (5 grams) for three days. 
Water was then added, the  4 extracted with ether, the ethereal 
solution washed well, dried over anhydrous sodium sulphate, 
evaporated, and the residue fractionated, when almost the whole 
quantity distilled at 107-108°/30 mm., little, if any, of the corre- 
sponding menthadiene having been produced (compare footnote, 
Trans., 1910, 97, 2154): 
0-1547 gave 0.4401 CO, and 0.1615 H,O. 
d 20/20° 0'9412; nD 1.4811; M 46.8 (calc., 47-16). 
h6-o-MenthenoZ(8) is a viscid oil with a pronounced odour 
reminiscent of terpineol and menthol ; it distils, apparently with 
little decomposition, at 200-202°/734 mm., and its solution in 
acetic anhydride gives with a drop of sulphuric acid an orange 
brown coloration. 
C=77*6; H=11-6. 
C10H180 requires C = 77.9 ; H = 11.7 per cent. 
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Attempts to prepare the phenylurethane and nitrosochloride in 
a crystalline condition were unsuccessful. 
A6:8(9)-o-Merrthadierre.-This terpene was prepared by digesting 
A6-o-menthenol(8) with 5 per cent. oxalic acid for six hours, and 
then distilling in a current of steam. After extracting with ether, 
the ethereal solution was dried, evaporated, and the residue severa.1 
times distilled over sodium : 
0.149'7 gave 0.4822 CO, and 0.1615 R,O. 
C,,H,, requires C = 88.2 ; H = 11.8 per cent. 
A6:*(Q)-c~Menthadiene distils at 170-171°, and has a pungent 
odour of lemons a.nd eucalyptus. The following constants were 
determined : 
C=87.9; H=11-9. 
d 20/20° 0.8481 ; nD 1.4758 ; M 45.2 (calc., C,,H,6;='45.24). 
This terpene was also prepared by shaking A'bmenthenol(8) 
with 6 per cent. sulphuric acid mechanically for several days, when 
it was found that the menthenol had been almost entirely decom- 
posed, and the terpene distilled a t  170-171°/765 mm. and had 
nD 1.4766. 
The author wishes to thank Miss B. Dobson and Mr. L. Benson 
for valuable assistance in carrying out these experiments, the cost 
of which was largely covered by generous grants from the Research 
Funds of the Royal Society and Chemical Society. 
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